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1
CURRENT MODE BOOST CONVERTER
USING SLOPE COMPENSATION

RELATED APPLICATIONS

This application is a continuation of and claims the benefit
of co-pending, commonly-owned U.S. patent application
Ser. No. 11/823,375, filed on Jun. 26, 2007, by Slezak et al.,
and titled “A Current Mode Boost Converter Using Slope
Compensation,” which is incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to signal timing for digital
integrated circuit devices.

BACKGROUND ART

Many types of electronic devices require electrical power
at particular voltages suited for their particular needs. For
example, an electrical outlet’s voltage cannot directly power
devices such as computers, digital clocks, and telephones.
The outlet supplies AC and the devices and loads require
DC. One option would be the use of an ac to dc conversion
circuit to convert the AC voltage to power a DC load.
Alternatively, power from a DC source such as one or more
batteries can be used.

It is often necessary to change one DC voltage to a
different DC voltage (e.g., dc to dc conversion). A boost
converter is a DC to DC converter circuit that functions by
producing an output voltage greater than a source voltage. A
boost converter is often used to increase the voltage from
one or more batteries to the required voltage level sufficient
for powering a coupled electronic device.

The competitive conditions of the electronic device mar-
ket places a priority on the cost efficiency and performance
efficiency of boost converter circuits. For example, it is
desirable that a boost converter circuit have high efficiency,
which requires the circuit to have low losses. It is also
desirable that the circuit have favorable operating charac-
teristics (e.g., stability, low parasitic losses, etc.). Addition-
ally, it is desirable that boost converter circuit components
have a low pin count. A low pin count facilitates packaging
of the boost converter circuit and facilitates their incorpo-
ration into other various electronic devices (e.g., reduces
costs, reduces component size, etc.). Embodiments of the
present invention provide novel solution to the above
requirements.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the present invention provide boost
converter circuit functionality through a low pin count
device. Embodiments of the present invention have high
operating efficiency and favorable operating characteristics.

In one embodiment, the present invention is implemented
as a boost converter circuit that includes a power supply, an
inductor coupled to the power supply to receive current from
the power supply, a diode coupled to receive current from
the inductor and coupled to provide current to a load as an
output, an inductor switch coupled to a node between the
inductor and the diode for selectively switching the inductor
current to either receive a current to the inductor from the
power supply, or output the inductor current to a load, and
a ramp circuit. The ramp circuit is coupled to the node
between the inductor and the diode, and is configured to
selectively sample a voltage at the node between the induc-
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tor and the diode via a sampling switch and use the sampled
signal to produce a stabilization ramp to stabilize the output.

In one embodiment, the boost converter circuit is pack-
aged as an integrated circuit device (e.g., a chip having five
or fewer pins). In one embodiment, the integrated circuit
device does not provide a pin for the output voltage. In one
embodiment, the stabilizing ramp is configured to ensure
stability for duty cycle ratios greater than 0.5. In one
embodiment, the stabilizing ramp is based on increasing the
receiving current ramp of the inductor by an additional
ramp, the stabilizing ramp, which depends on the output
voltage level.

In one embodiment, the ramp circuit is configured to
selectively sample the voltage at the node between the
inductor and the diode at a time when the inductor switch is
off and the voltage is stabilized. The stabilizing ramp
depends on the sampled signal as the output voltage level. In
one embodiment, the ramp circuit further comprises a first
delay component, a second delay component, and a logic
gate (e.g., a 3 input AND gate). The first delay component
is coupled to receive a drive input, which is also coupled to
control the inductor switch. The first delay component
produces a first delay signal, which is used by the second
delay component to produce a second delay signal. The logic
gate receives the drive signal, the first delay signal, and the
second delay signal to produce a sampling switch control
signal to control the sampling switch.

In this manner, embodiments of the present invention
provide a boost converter circuit having high efficiency and
favorable operating characteristics (e.g., stability, low para-
sitic losses, etc.) and having a low pin count (e.g., no pin for
sampling the output voltage).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of this specification, illustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the invention:

FIG. 1 shows a schematic diagram of a novel boost
converter circuit in accordance with one embodiment of the
present invention.

FIG. 2 shows a diagram of a current ramp without a
stabilization ramp in accordance with one embodiment of
the present invention.

FIG. 3 shows a diagram of a current ramp having a
stabilization ramp added in accordance with one embodi-
ment of the present invention.

FIG. 4 shows a diagram depicting internal components of
the ramp circuit in accordance with one embodiment of the
present invention.

FIG. 5 shows the timing diagram illustrating the operation
of the ramp circuit in accordance with one embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. While the
invention will be described in conjunction with the preferred
embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives,
modifications and equivalents, which may be included
within the spirit and scope of the invention as defined by the
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appended claims. Furthermore, in the following detailed
description of embodiments of the present invention, numer-
ous specific details are set forth in order to provide a
thorough understanding of the present invention. However,
it will be recognized by one of ordinary skill in the art that
the present invention may be practiced without these specific
details. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail
as not to unnecessarily obscure aspects of the embodiments
of the present invention.

FIG. 1 shows a schematic diagram of a novel boost
converter circuit 100 in accordance with one embodiment of
the present invention. As illustrated in FIG. 1, the boost
converter circuit 100 includes a ramp circuit 105, power
supply 110, inductor 120, diode 130, inductor switch 140, a
load 150, a control circuit 160, and a voltage divider 170

The FIG. 1 embodiment shows components of a boost
converter circuit that provides the functionality of the pres-
ent invention. As illustrated in FIG. 1, the boost converter
circuit 100 includes the power supply 110 (e.g., Vin) coupled
to the inductor 120 to transmit current from the power
supply 110 to the inductor 120. The diode 130 is coupled to
the inductor 120 to receive current from the inductor 120 and
to provide current to the coupled load 150 as an output (e.g.,
Vout). The inductor switch 140 is coupled to a node between
the inductor 120 and the diode 130 for selectively switching
the inductor current to receive a current to the inductor 120
from the power supply 110, or to output the inductor 120
current to a load 150. The ramp circuit 105 is also coupled
to the node between the inductor 120 and the diode 130, and
is configured to selectively sample a voltage at the node
between the inductor 120 and the diode 130 and use the
sampled voltage to produce a stabilization ramp. This sta-
bilization ramp is used to stabilize the output voltage Vout
that is provided by the diode 130 to the load 150.

The boost converter circuit 100 functions by changing the
DC voltage from the power supply 110 to a higher DC
voltage Vout that is provided to the load 150 (e.g., DC to DC
conversion). The boost converter circuit 100 functions in
two distinct states, as determined by the inductor switch 140.
In the “on” state, the inductor switch 140 is closed, resulting
in an increase in inductor current (e.g., the current flowing
from the power supply 110 through the inductor 120). In the
“off” state, the inductor switch 140 is open and the only path
offered to inductor current is through the diode 130, and to
the load 150. This results in transferring the energy accu-
mulated during the on state into the load 150. The on/off
state of the inductor switch 140 (e.g., a Mosfet transistor,
etc.) is controlled by the control circuit 160.

Thus, the amount of boost provided by the circuit 100
(e.g., the ratio between the input voltage provided by the
power supply 110 to the output voltage from the diode 130)
is controlled by the duty cycle of the inductor switch 140.
Generally, the higher the duty cycle, the higher the output
voltage is in comparison to the input voltage.

The ramp circuit 105 provides a stabilization ramp that
stabilizes the operation of the circuit 100. Generally, high
duty cycles can be problematic in that they can lead to
instability in the feedback mechanism of the control circuit
160 that controls the duty cycle of the inductor switch 140.
The control circuit 160 monitors the current flowing in the
inductor switch 140 (e.g., when the inductor switch 140 is
closed). The control circuit receives a feedback signal, Vin,
and the inductor current as inputs. The control circuit
produces a drive signal “DRV” that controls the inductor
switch 140. The control circuit 160 sums the inductor
current ramp with the stabilizing ramp which depends on the
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V.. voltage level, and compares it with the feedback mecha-
nism 170 (e.g., the feedback voltage level). This comparison
determines when the inductor switch 140 is to be closed and
what the duty cycle is, via the DRV signal. For example, in
most implementations, without stabilization, the feedback
mechanism is inherently unstable for duty cycle ratios
higher than 0.5.

In one embodiment, the boost converter circuit 100 is
packaged as an integrated circuit device (e.g., a chip having
five or fewer pins). In one embodiment, the integrated circuit
device does not provide a pin for the output voltage.

FIG. 2 shows a diagram 200 of a current ramp without a
stabilization ramp in accordance with one embodiment of
the present invention. The control signal 201 is generated
internally by the control circuit 160 and is used to set the
output voltage level (e.g., Vout). As the current ramp 202
rises, the inductor switch duty cycle ratio is determined by
the moment at which a ramp from the current sense circuit
with a level proportional to the inductor switch current,
reaches a threshold value determined by the control signal
201. Instability will result if IdI,I>Id],| because it is a
growing discrepancy, cycle by cycle. This causes the feed-
back loop implemented by the control circuit 160 to be
inherently unstable for duty ratios higher than 0.5.

FIG. 3 shows a diagram 300 of a current ramp having a
stabilization ramp added in accordance with one embodi-
ment of the present invention. The stabilizing ramp pro-
duced by the ramp circuit 105 extends the range of stability
for any D (e.g., inductor switch duty cycle). The stabilizing
ramp is added to the current ramp 202 and is based on
increasing the receiving current ramp of the inductor by an
additional ramp, the stabilizing ramp, which depends on the
output voltage level. In the present embodiment, the stabi-
lizing ramp 301 can be added to the current ramp 202, and
the sum of the ramps trigger at a new point. With an
optimum stabilizing ramp 301, the circuit 100 is stable for
any D (e.g., inductor switch duty cycle).

FIG. 4 shows a diagram depicting internal components of
the ramp circuit 105 in accordance with one embodiment of
the present invention. As depicted in FIG. 4, the ramp circuit
105 includes first and second delay elements 401-402, first
and second inverters 403-404, a three input logic gate 405
(e.g., AND gate), a sample switch 406, and a sampling
capacitor 407.

In one embodiment, the ramp circuit 100 is configured to
selectively sample the voltage at the node between the
inductor 120 and the diode 130 at a time when the inductor
switch 140 is off and the voltage at the node is stabilized.
This node is referred to as “LX” and can be sampled and
used to generate the stabilization ramp as opposed to using
the V_,,, voltage level (e.g., which would require a dedicated
V,.. pin). In one embodiment, this attribute enables the
elimination of any dedicated V_,, pin from a semiconductor
device package. It should be noted that [.X is within a diode
forward voltage (e.g., 0.3 volts, etc.) to Vout, and this
attribute facilitates its usage in place of V..

The FIG. 4 embodiment uses the DRV signal that controls
the on/off state of the inductor switch 140. The inverters
403-404 and the delay elements 401-402 create the inputs to
the AND gate 405 as shown. The output of the AND gate
405 controls the sampling switch 406 (e.g., a Mosfet tran-
sistor, etc.), and thus the sampling and storing of the LX
voltage onto the sampling capacitor 407.

FIG. 5 shows the timing diagram 500 illustrating the
operation of the ramp circuit 110 in accordance with one
embodiment of the present invention. As depicted in FIG. 5,
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and as described above, the DRV signal provides the basic
timing for the ramp circuit 110.

FIG. 5 shows two modes of operation 501 and 502 in
accordance with one embodiment of the present invention.
In mode 501, the LX pin is sampled based on the timing of
the inductor switch control (e.g., DRV). The latching signal
is called “LAT™. In one embodiment, it comprises a pulse
having a width of approximately tenth of a nanosecond. The
assertion of the “LAT™ signal happens after delayl from
DRV negation. The negation of the “LLAT” signal happens
after delay2 from “LAT”™ assertion, or when a new cycle
begins (e.g., when DRV is asserted). The sampled data is
stored over the sampling capacitor 407.

In mode 502, the LX pin is sampled based on the timing
of an externally provided clock signal “OSC”. The latching
signal “LLAT” is generated during the last 5-10% period of
each cycle, when OSC signal goes low and there is no DRV
signal. The assertion of “LAT” happens after delay 1 from
“OSC” negation. The negation of “LAT” happens after
delay2 from “LAT” assertion. The sampled data is stored
over the sampling capacitor 407.

In one embodiment, the ramp circuit further comprises a
first delay component, a second delay component, and a
logic gate (e.g., a 3 input AND gate). The first delay
component is coupled to receive a drive input, which is also
coupled to control the inductor switch. The first delay
component produces a first delay signal, which is used by
the second delay component to produce a second delay
signal. The logic gate receives the drive signal, the first delay
signal, and the second delay signal to produce a sampling
switch control signal to control the sampling switch.

In this manner, embodiments of the present invention
provide a boost converter circuit having high efficiency and
favorable operating characteristics (e.g., stability, low para-
sitic losses, etc.) and having a low pin count (e.g., no pin for
the output voltage).

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the
principles of the invention and its practical application, to
thereby enable others skilled in the art to best utilize the
invention and various embodiments with various modifica-
tions as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the
claims appended hereto and their equivalents.

What is claimed is:

1. A boost converter circuit, comprising:

a power supply;

an inductor coupled to the power supply to receive current

from the power supply;

a diode coupled to receive current from the inductor and

coupled to provide current to a load as an output;

an inductor switch coupled to a node between the inductor

and the diode for selectively switching an inductor
current to receive a current to the inductor from the
power supply, or output the inductor current to a load;
and

a ramp circuit coupled to the node between the inductor

and the diode, wherein the ramp circuit is configured to
selectively sample a voltage at the node between the
inductor and the diode via a sampling switch and use
the sampled signal to produce a stabilization ramp to
stabilize the output.
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2. The boost converter circuit of claim 1, wherein the
boost converter circuit is packaged as an integrated circuit
device.

3. The boost converter circuit of claim 2, wherein the
integrated circuit device does not provide a pin for the output
voltage.

4. The boost converter circuit of claim 1, wherein the
stabilization ramp is configured to insure stability for duty
cycle ratios greater than 0.5.

5. The boost converter circuit of claim 1, wherein the
stabilization ramp depends on the output voltage level and is
added to increase a receiving current ramp of the inductor by
adding the stabilization ramp.

6. The boost converter circuit of claim 1, wherein the
ramp circuit is configured to selectively sample the voltage
at the node between the inductor and the diode at a time
when the inductor switch is off and the voltage is stabilized.

7. The boost converter circuit of claim 6, wherein the
voltage at the node is substantially similar to the output
voltage level.

8. The boost converter circuit of claim 1, wherein the
ramp circuit comprises:

the sampling switch; and

a sampling capacitor coupled to the sampling switch to
receive and store the voltage at the node between the
inductor and the diode.

9. A boost converter integrated circuit device, comprising:

a power supply input for receiving a power supply;

an inductor coupled to the power supply input to receive
current from the power supply;

a diode coupled to receive current from the inductor and
coupled to provide current to a load coupled to the
integrated circuit device as an output;

an inductor switch coupled to a node between the inductor
and the diode for selectively switching an inductor
current to receive a current to the inductor from the
power supply, or to output the inductor current to the
load; and

a ramp circuit coupled to the node between the inductor
and the diode, wherein the ramp circuit is configured to
selectively sample a voltage at the node between the
inductor and the diode via a sampling switch and use
the sampled signal to produce a stabilization ramp to
stabilize the output.

10. The boost converter integrated circuit device of claim

9, wherein the integrated circuit device does not provide a
pin for the output voltage.

11. The boost converter integrated circuit device of claim
9, wherein the stabilization ramp is configured to insure
stability for duty cycle ratios greater than 0.5.

12. The boost converter integrated circuit device of claim
9, wherein the stabilization ramp depends on the output
voltage level and is based on increasing a receiving current
ramp of the inductor by adding the stabilization ramp.

13. The boost converter integrated circuit device of claim
9, wherein the voltage at the node between the inductor and
the diode is sampled at a time when the inductor switch is
off and the voltage is stabilized.

14. The boost converter integrated circuit device of claim
9, wherein the ramp circuit comprises:

the sampling switch; and

a sampling capacitor coupled to the sampling switch to
receive and store the voltage at the node between the
inductor and the diode.

15. A method comprising:

receiving a current from a power supply at an inductor
coupled to the power supply;
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receiving current from the inductor at a diode coupled to

the inductor;

outputting current from the diode to a load coupled to the

diode as an output voltage;

selectively switching an inductor current to either receive 5

a current to the inductor from the power supply, or
output the inductor current to the load, by an inductor
switch coupled to a node between the inductor and the
diode; and

selectively sampling a voltage at the node between the 10

inductor and the diode via a sampling switch of a ramp
circuit coupled to the node via the sampling switch,
wherein the ramp circuit is configured to use the
sampled signal to produce a stabilization ramp to
stabilize the output voltage, a boost converter circuit 15
comprising the inductor, the diode, the inductor switch,
and the ramp circuit.

16. The method of claim 15, wherein the boost converter
circuit is packaged as an integrated circuit device.

17. The method of claim 16, wherein the integrated circuit 20
device does not provide a pin for the output voltage.

18. The method of claim 15, wherein the stabilization
ramp is configured to insure stability for duty cycle ratios
greater than 0.5.

19. The method of claim 15, wherein the stabilization 25
ramp is based on increasing a receiving current ramp of the
inductor by the stabilizing ramp, which depends on the
output voltage level.

20. The method of claim 15, wherein the ramp circuit is
configured to selectively sample the voltage at the node 30
between the inductor and the diode at a time when the
inductor switch is off and the voltage is stabilized.
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